Objective: Occupational lung disease due to silica dust is one of the most common work-related injuries. In denim sandblasting, workers are exposed to silica that may cause immediate mortality, especially in young people. The aim of this study was to assess the multidetector computed tomography (MDCT) fi ndings of silicosis in denim sandblasters and to better defi ne the role of MDCT in the early detection of silicosis.
Introduction
Occupational lung disease due to silica dust is one of the most common work-related injuries. Exposure to silica dust can affect shipyard workers, sandblasters, and coal miners [1] . Silicosis is caused by the inhalation of crystalline silica dust, which results in a fibrotic tissue reaction to its presence in the lungs [2] .
In denim sandblasting, workers are exposed to silica because they project silica or silica-containing sand as an abrasive onto denim surfaces to produce a ''worn-in'' appearance. This kind of exposure is very dangerous because of intense exposure during long hours of work under very poor hygienic conditions without any serious respiratory protection [3] [4] [5] [6] .
Due to its non-specific clinical symptoms and unrecognizable shadows on roentgenograms in the early phase of the disease, silico- sis may fail to be recognized and tends to be underestimated [7, 8] . Multidetector computed tomography (MDCT) has been shown to be helpful for detecting diffuse pulmonary parenchymal abnormalities at early stages [3] . Therefore, the aim of this study was to better define the role of MDCT for the early detection of silicosis by assessing MDCT findings in patients with silicosis from denim sandblasting.
Materials and Methods
Our institutional review board approved this retrospective study and written informed consent was obtained from the parents or relatives of all the affected subjects.
The study included 12 consecutive male patients in whom the diagnosis of silicosis was confirmed based on their occupational history and radiological alterations compatible with the disease. The study group was chosen from the patients who were admitted to a pulmonary outpatient clinic between April 2009 and December 2009. All patients had been working as sandblasters. Those patients with a smoking history of 10 pack-years or a history of previous tuberculosis were excluded from the study. The diagnosis was made based mainly on the clinical history, occupational exposure to silica dust, and MDCT findings.
CT was performed with a 16-detector-row CT system (Light Speed 16, GE Medical Systems, Milwaukee, Wis, USA). The patients were examined during breath holding after deep inspiration in a supine position with 3-mm collimation at 10-mm intervals, using settings of 120kV, 300mA, and a 0.5 s acquisition time. Lungs were scanned from apex to base without contrast material, and all images were obtained with both lung and mediastinal window settings. The scans were examined at a window of 1,000-1,500 Hounsfield units (HU) and a level of -700 to -800 HU for pulmonary parenchyma, and a window of 500-800 HU and a level of 20-60 HU for mediastina.
Two radiologists independently assessed the examinations. In cases of discrepancy between the readers, the CT scans were reviewed once more by both observers together and a final decision was made by consensus.
The reviewers evaluated the images for the presence and distribution of airspace consolidation, ground-glass opacity, nodules, interlobular septal thickening, parenchymal bands, fibrosis, masses, traction bronchiectasis, honeycombing, lobular low-attenuation areas, emphysema, pleural effusion or thickening, and mediastinal or hilar adenopathy.
Results
The age of the patient group ranged from 19.2-25.4 yr (21.2±1.2 (mean±SD) yr). The exposure time ranged from 1.0-5.2 yr [3.7±1.4 (mean±SD) yr]. The latency period was the same as the exposure time because the patients were still working in sandblasting work. All patients had been working six days per week and 12 hours per day and they had been using a facial mask for protection.
MDCT depicted parenchymal abnormalities in eight (%67) of the twelve patients. The most common findings were nodules, ground glass opacity, and interlobular septal thickening predominantly in the upper zones. Nodules were depicted in six (50%) of the twelve patients. In four cases (67%), the nodules were numerous (>10), were predominantly smaller than 10 mm, and were centrilobular in distribution (Figures 1a, b) . In five (42%) patients, interlobular septal thickening was detected. Seven (58%) patients presented with ground glass opacity (Figure 2) . One (8%) of the patients presented with airspace consolidation; this was bilateral in the upper zones and associated with air bronchograms. In one (8%) patient there were several traction bronchiectases in the upper zones (Figure 3) . None of the patients presented with pleural effusion, thickening, or honeycombing.
Enlarged mediastinal nodes, defined as lymph nodes larger than 1 cm in short-axis diameter, were identified in half of the patients, predominantly in the precarinal, paratracheal, and prevascular regions (Figure 4a ). No eggshell calcification was detected. One (8%) of the patients presented with punctate calcifications in the left hilar region (Figure 4b ).
Discussion
Silicosis is the most common and oldest recognized occupational lung disease [9] ; however, silicosis associated with denim sandblasting is not common. It may develop quickly and can cause immediate mortality, especially in young people [3, 4] . It is a preventable but untreatable environmental pulmonary disease. Therefore, imaging findings capable of detecting silicosis in the early stages are urgently needed.
Roentgenograms are not perfect because they cannot reveal early parenchymal changes and do not fully demonstrate their extent. Hence, a normal conventional roentgenogram in people exposed to dust does not exclude the presence of silicosis. CT can detect small and multifocal opacities more accurately and earlier than roentgenograms [10] .
Silicosis is usually classified as acute, subacute/accelerated, or chronic simple silicosis [11] . Acute silicosis typically occurs after a very large acute exposure to silica dust, primarily among sandblasters [12] . Acute silicosis is usually fatal [13] . Chong et al [14] reported that CT findings of acute silicosis include multiple ill-defined centrilobular nodules, patchy ground glass opacity, and lung consolidation. The study of Alper et al. [3] showed that the most common CT finding was centrilobular nodules (94%). However, in our study the most common CT finding was patchy ground glass opacity (58%). Furthermore, the frequency of nodules (50%) and patchy ground glass opacity (58%) in our study was lower than in the study of Alper et al. This discrepancy can be explained by the shorter exposure time in our patients. In our case, lung consolidation was detected only in one patient. Arakawa et al. [15] reported that parenchymal fibrosis with honeycombing was detected by CT in nearly all patients that had chronic silica exposure. In our study, CT failed to detect honeycombing of the lung in any of the patients, probably due to the fact that our patients were in the early stage of silicosis.
Enlarged or calcified hilar and mediastinal lymph nodes are usually seen in silica-exposed workers [16] . Antao et al. [16] reported that 74% of the silicotic patients had enlarged mediastinal lymph nodes and 66% of them had evidence of lymph node calcification. In our study, enlarged mediastinal nodes were identified in half of all the patients. The development of egg-shell type lymph node calcification is the characteristic manifestation of chronic silicosis [17, 18] . The chronic form of silicosis typically manifests after 10-20 years of A B exposure to low concentrations of silica dust [19] . Egg shell calcification in early stage of silicosis has been reported in a few patients in the literature [20] [21] [22] . Lymph node calcification was seen in only one patient in our study, and it was punctate and in the left hilar region. In our study, we did not detect egg shell calcification at a high frequency because our patients were in the early stage of silicosis.
In conclusion, early detection of silicosis is important because it may cause immediate mortality, especially in young people. Enlarged mediastinal lymph nodes, centrilobular nodules, interlobular septal thickening, and patchy ground glass opacity may be early MDCT findings of silicosis. Therefore, MDCT has an important role in the early detection of silicosis in denim sandblasters 
